Objective: To examine associations between seven indicators of socio-economic circumstances and healthy food habits, while taking into account assumed temporal order between these socio-economic indicators. Design and setting: Data were derived from cross-sectional postal questionnaires in 2000-2002. Socio-economic circumstances were assessed by parental education, childhood economic difficulties, own education, occupational class, household income, home ownership and current economic difficulties. Healthy food habits were measured by an index consisting of consumption of fresh vegetables, fruit or berries, rye bread, fish and choosing vegetable fats on bread and oil in cooking. Sequential logistic regression models were used, adjusting for age and marital status. Participants: Employees of the City of Helsinki, Finland (n ¼ 8960, aged 40-60 years). Results: Healthy food habits were reported by 28% of women and by 17% of men. Own education, occupational class, household income, home ownership and current economic difficulties were associated with healthy food habits. These associations were attenuated but mainly remained after mutual adjustments for the socio-economic indicators. Among women, a pathway was found suggesting that part of the effects of education on food habits were mediated through occupational class. Conclusions: Employees in higher and lower socio-economic positions differ in their food habits, and those in lower positions and economically disadvantaged are less likely to report healthy food habits. Health promotion programmes and food policies should encourage healthier food choices among those in lower socio-economic positions and among those with economic difficulties in particular. Sponsorship: Academy of Finland.
Introduction
Socio-economic inequalities in health behaviours and health are well established (Lantz et al., 1998; Dalstra et al., 2005; Giskes et al., 2005; Lahelma et al., 2005) . Nevertheless, mutual associations between various dimensions of socioeconomic position and healthy food habits are poorly understood. Most previous studies have examined differences in food habits focusing only on one or few indicators of socio-economic position, typically educational level, occupational class or income. According to these studies, those in higher socio-economic positions are more likely to follow healthier food habits (Hulshof et al., 1991; IralaEstévez et al., 2000; Groth et al., 2001; Hulshof et al., 2003; Martikainen et al., 2003; Shahar et al., 2005) . However, evidence on the interrelationships and pathways between socio-economic circumstances as determinants of food habits is scarce.
As a broad multidimensional, theoretical and empirical concept, socio-economic position covers several social, financial and material circumstances (Bartley et al., 1999) . Each socio-economic indicator reflects both common ranking in society as well as particular circumstances according to the specific nature of the socio-economic indicator (Liberatos et al., 1988; Lynch and Kaplan, 2000; Lahelma et al., 2004; Laaksonen et al., 2005b) . Consequently, socio-economic indicators are not directly interchangeable, and any single indicator is unlikely to provide a sufficient description of people's past and present circumstances. Furthermore, at least partially divergent etiological processes may lie behind the association of each socio-economic indicator and food behaviour (Macintyre, 1997) . As socio-economic position is a multidimensional umbrella concept, it has been suggested that studies should include several socio-economic measures and consider their nature, stage over the life course and interrelationships, as well as explanatory pathways through which they may influence health-related outcomes, including food behaviour (Braveman et al., 2005; Galobardes et al., 2006a, b) . Examining simultaneously multiple dimensions of socio-economic circumstances helps elucidate our understanding of the observed inequalities and identify potential risk groups for health promotion programmes.
Among the socio-economic circumstances, early living conditions are important, as childhood adversities may have both direct and indirect effects on adult health (Galobardes et al., 2006; Kestilä et al., 2006; Kivimäki et al., 2006a, b; Mäkinen et al., 2006) and on mortality (Galobardes et al., 2004) . However, childhood socio-economic position has often been examined irrespective of current socio-economic position. It is of note that socio-economic inequalities observed in adult health are, at least partly, affected by childhood circumstances effective over the life course. Therefore, focusing on adulthood socio-economic circumstances only may provide a narrow picture as the potential pathways and interrelationships between childhood and adulthood are neglected.
Indicators of various socio-economic circumstances, even when simultaneously collected, can be examined as both causal and successive; that is, childhood socio-economic circumstances partly determine opportunities for own education and occupation. These, in turn, contribute to adult material resources, such as income and wealth. It is of note, however, that income in itself does not directly measure wealth, as wealth can substantially vary across groups with similar incomes (Braveman et al., 2005) . Education reflects one's knowledge and attitudes that may help follow recommended behaviours, for example, adopting healthy food habits. However, these behaviours may be imbibed already in childhood reflecting parents' socioeconomic position and persist even through the life course. In addition to independent effects on food habits, it is likely that there are causal interrelationships and pathways between the socio-economic indicators. Furthermore, different indicators may show disparate effects on food habits.
The aim of this study was to examine the associations of several indicators of socio-economic circumstances from childhood to adulthood socio-economic position and economic situation with healthy food habits. A further aim was to elucidate the interrelationships and pathways that may deepen our understanding of the role of socio-economic circumstances in the production of healthy food habits. By pathways, we refer to, for example, links from parental education to own education or from own education to occupational class and income. Pathways elucidate the assumed temporal associations between socio-economic indicators and healthy food habits. In this study, though it is a cross-sectional one, we apply a life course perspective and by looking at possible pathways we aim to show a more comprehensive picture of the socio-economic determinants of food habits.
Methods

Data
The data derive from postal questionnaires filled in by 40-60-year-old employees of the City of Helsinki, Finland, in 2000 (Lahelma et al., 2005 . There were altogether 8960 participants, of whom 80% were women, reflecting the gender distribution of employees within the City of Helsinki. The overall response rate was 67%. The cross-sectional questionnaire data were pooled, and the analyses were carried out among those with no missing data on socioeconomic variables or food frequencies. The number of missing values was 1-2% per question, resulting altogether in 8047 eligible participants (6409 women and 1638 men) in the analyses of this study.
To examine the effect of item non-response, we conducted additional analyses for each socio-economic indicator separately, using all responses available. Estimates for having healthy food habits were similar to current ones, indicating that our results are not biased by exclusion of those with some missing information.
The data are based on self-reports, except occupational class that was derived from the City of Helsinki personnel register for those with written consent for this linkage (80%). For the rest, information on occupational class was completed from the questionnaires.
Healthy food habits
The questionnaire included a food frequency inventory. The respondents were asked how often they had consumed 22 food items during the past 4 weeks (from never to at least twice a day). In addition, the respondents were asked which type of fat they usually used in cooking and on bread. Healthy food habits were measured by an index formed from six nationally recommended food habits, that is eating (1) fresh vegetables daily, (2) fruit or berries daily, (3) rye bread (whole grain) daily, (4) fish at least twice a week, and using (5) vegetable-based margarine on bread and (6) oil in cooking (National Nutrition Council, 1998) . One score was received per each recommended habit. Most respondents followed 2-4 healthy food habits, whereas quite few were placed in the extreme categories of none or all the six healthy food habits (Table 1) . Correlations between individual items varied between 0.05 and 0.35. Highest correlations were found between consumption of fresh vegetables and fruit or rye bread and lowest and weakly negative ones between fat items and food-habit frequencies. In this study, the respondents' food habits were classified as healthy if at least five of these food habits were met. With this classification, healthy food habits were followed by 28% of women and 17% of men. A similar index has also been used in previous studies Roos et al., 2004) . Only those who responded to the food frequency inventory were included in the analyses. However, for fat type items, missing values were coded as 0.
Socio-economic circumstances
Childhood socio-economic circumstances were measured by parental education and childhood economic difficulties. Father's education was used as an indicator of parental education, if it was higher or equal to mother's education. Otherwise mother's education was used. Parental education was categorized into three groups: basic education referring to primary or secondary school or less, intermediate education indicating matriculation or college examination and higher education representing a university degree or more.
Childhood economic difficulties were categorized as 'yes' or 'no' based on response to a question asking whether there had been serious economic difficulties in the family when the respondent was under 16 years old.
Own education was categorized into basic, intermediate and higher education. Basic education refers to secondary or vocational school, intermediate education to matriculation or college examination and higher education to a university degree. Despite similar categorizations, own education does not, however, correspond to parental education owing to notable changes in the educational system and different distribution of educational levels between the participants and their parents.
Occupational class was categorized into four groups: manual workers, routine non-manual employees, semiprofessionals, and managers and professionals. Women are mostly occupied within social and health care system and teaching, whereas no predominant positions can be found for men.
Household income was asked with seven response alternatives. Household income was reported without taxes, and taking into account any welfare benefits and all other income sources during an average month. This variable was weighted by the number of people living in the household. The respondent received the value of one, any other adult 0.5 and children (below 18 of years) 0.3 (Hagenaars et al., 1994) . The weighed income variable was divided into quartiles, separately for men and women.
Home ownership was asked with four response alternatives including owner-occupiers, renter from the employer, renter from private market or other. The responses were dichotomized to owner-occupiers and others.
Current economic difficulties were measured by two questions asking whether the respondent had had problems in buying food and clothes or paying bills. Responses to these items were combined to form categories of no economic difficulties, occasional difficulties and frequent economic difficulties.
In general, correlations between the socio-economic indicators were low or moderate, but varied between 0.05 and 0.77. The highest correlation was between education and occupational class, whereas the lowest one was between parental education and current economic difficulties. Multicollinearity for socio-economic circumstances has been tested previously, but it was not found (Laaksonen et al., 2005b) . Also other previous studies suggest that correlations between different socio-economic circumstances such as education and income are not strong enough to justify using one indicator as a proxy for another (Braveman et al., 2005) . Thus, these indicators are not to be considered interchangeable.
Statistical analyses
General linear modelling was used to calculate age-adjusted prevalence and 95% confidence intervals for reporting healthy food habits in the categories of all socio-economic indicators (Table 2 ). Logistic regression analysis was used to further examine the associations between socio-economic circumstances and healthy food habits. As previous studies show that age (Johansson et al., 1999; Groth et al., 2001; Naska et al., 2006) and marital status (Roos et al., 1998; Naska et al., 2006) are associated with healthy food habits, and these two variables were adjusted for, as covariates in all models. We started by examining the covariate-adjusted associations between each socio-economic indicator and healthy food habits that is, each socio-economic indicator was first added to the model separately. We then fitted sequential models. Firstly, the two indicators of childhood circumstances were included, followed by own education, occupational class, household income, home ownership and current economic difficulties. In the final model, all socioeconomic circumstances and covariates were mutually adjusted for. When simultaneously adjusting for other socio-economic indicators, we interpreted the remaining statistically significant odds ratios (ORs) as independent effects of the socio-economic indicator in question. Isolating Socio-economic circumstances and food habits T Lallukka et al the contribution of each socio-economic indicator separately, when fitting a sequential model, is, however, difficult. The associations between socio-economic circumstances and healthy food habits are shown as ORs and their 95% confidence intervals, using the most disadvantaged group as the reference category. Interrelationships and pathways between socio-economic circumstances were examined by studying whether sequentially including a socio-economic indicator to the model attenuated the association between a previously entered indicator and healthy food habits. This is interpreted to suggest that the first-mentioned association is mediated through the latter indicator(s). All analyses were performed separately for women and men using SAS version 8.2.
Results
Women aged 50-60 years reported healthy food habits more often than younger women (Table 2) . For men, a tendency for more healthy food habits was seen for the 60-year-olds, but it was not statistically significant. Childhood socio-economic circumstances were not related to healthy food habits. However, those with higher education, occupational class or income were more likely to report healthy food habits. Furthermore, home owners and those with no current economic difficulties had a higher prevalence of healthy food habits among both women and men. Socio-economic circumstances and food habits T Lallukka et al
In the logistic regression analyses, the first columns in Tables 3 and 4 by and large repeat the results in Table 2 , although marital status was also adjusted for. Among women, education, occupational class, household income, home ownership and reporting no current economic difficulties were all individually associated with healthy food habits (Table 3) . When occupational class was added to the model including childhood socio-economic circumstances and education, the association between education and healthy food habits was attenuated (the OR decreased from 1.6 to 1.3). This suggests that the association between education and healthy food habits is partly mediated through occupational class. Furthermore, the association between occupational class and healthy food habits slightly attenuated when income was included in the model. Additionally, the association between income and healthy food habits was slightly attenuated by the adjustment for home ownership and economic difficulties. In the fully adjusted model all original associations attenuated but remained, although the association between home ownership and healthy food habits was of borderline statistical significance only.
Among men, in accordance with the age-adjusted prevalence rates and similarly to women, only adult socioeconomic circumstances were individually associated with healthy food habits in the logistic regression analyses (Table 4) . However, statistically significant differences were mainly found for the most advanced socio-economic groups only, and home ownership and current economic difficulties were more strongly associated with healthy food habits than among women. Contrary to women, adjusting for occupational class did not influence the association between education and healthy food habits among men. This association remained unchanged even in all further adjustments. Again, in contrast to women, occupational class and household income were not associated with healthy food habits when the preceding indicators had been adjusted for. However, judging from the point estimate (statistically nonsignificant) the association between occupational class and healthy food habits was geared towards unity when home ownership was adjusted for. The same was true for the association between income and healthy food habits when home ownership and economic difficulties were adjusted for. Also, owner-occupied men were more likely to report healthy food habits even after adjustment for all other socio-economic indicators. Finally, also current economic difficulties remained strongly associated with healthy food habits in the fully adjusted model.
Discussion
Main results
This study was set up to examine the associations and pathways between several socio-economic circumstances and healthy food habits. Unlike childhood socio-economic circumstances, all adulthood socio-economic circumstances were associated with healthy food habits. However, the associations varied somewhat by gender, especially after mutual adjustments. In general, the associations attenuated when socio-economic circumstances were sequentially adjusted for. One of the most consistent findings was the association between current economic difficulties and healthy food habits, which seems to be of particular importance to men. Among men also home ownership was associated with healthy food habits after adjusting for all other socio-economic indicators. In addition to the above associations, some interrelationships and pathways between the socio-economic indicators were identified among women. Firstly, the effect of own education on food habits was partly mediated through occupational class. Secondly, a smaller part of the effect of occupational class on healthy food habits was mediated through income.
Strengths and weaknesses of the data
This study was cross-sectional and therefore causal relationships cannot be confirmed. Childhood socio-economic circumstances, asked retrospectively, may be prone to recall bias, or the current situation may be evocative, that is affect perceptions on childhood circumstances. The associations of past circumstances with food habits may be affected by reporting bias and this has to be kept in mind. Nevertheless, a number of studies support the use of retrospective questions and suggest that such questions on childhood circumstances are likely to provide meaningful evidence (Krieger et al., 1998; Dube et al., 2003) . As this study was carried out among middle-aged employees of the City of Helsinki, the results may not apply to non-employed people and, thus, these results are not to be generalized to the population level. We would expect to have larger inequalities in the general population, owing to the well-known healthy worker effect (Wilcosky and Wing, 1987) .
A strength of the study was that it used up-to-date and large data with several indicators of both socio-economic circumstances and food habits.
The possibility to simultaneously include several dimensions of socio-economic circumstances is an advantage, as previously education and occupation have shown additive and sometimes synergistic effects on food habits (Galobardes et al., 2001) . Thus, examining the associations of several indicators with food habits contributes to a better understanding of the production of socio-economic differences in food behaviours. Furthermore, each socio-economic indicator has been suggested to reflect different underlying social processes (Lynch and Kaplan, 2000; Turrell et al., 2003a) . The importance of using various indicators from different stages of the life course has also been recently highlighted (Galobardes et al., 2006a, b) .
Additionally, our response rate is acceptable and the data are broadly representative of the target population, with those in younger age groups, lower occupational classes and Socio-economic circumstances and food habits T Lallukka et al Socio-economic circumstances and food habits T Lallukka et al with long sickness-absence spells having only slightly lower participation rates (Lallukka et al., 2002) . This is of importance, as socio-economic position is known to impact on participation in surveys. Especially when focusing on food habits, it is important to have representative data to be able to avoid bias in the examined socio-economic differences (Turrell et al., 2003b) .
As an additional advantage, our measure of healthy food habits covered a variety of nationally recommended food habits (National Nutrition Council, 1998) . Similar food habits have also been used in other studies as markers of healthy dietary behaviours (Prättälä et al., 1992; Roos et al., 1998; Perrin et al., 2002; Grabauskas et al., 2004) . However, as our measure of food habits did not take into account the actual intake of the foods consumed, it is a rather proxy indicator for healthy choices.
Previous research and how this study relates to it Our finding that childhood socio-economic circumstances were unassociated with healthy food habits is in line with a previous Dutch study, which showed a more direct influence on food habits by adulthood than by childhood socioeconomic position (Giskes et al., 2004) .
The associations of own education with healthy food habits are also consistent with previous literature (Groth et al., 2001; Perrin et al., 2002; Grabauskas et al., 2004) . In France, education has been found to be associated with consumption of vegetables, fruit and fish (Perrin et al., 2002) , that is the indicators included in the measure of healthy food habits in the present study, too. In Denmark, education has been the strongest socio-economic indicator in the analysis of healthy food habits, especially among men (Groth et al., 2001) . Own education increases the knowledge, skills and awareness of healthy food habits, and may thereby lead to socio-economic inequalities in dietary patterns between lower and higher educational groups, as shown in this study for both women and men.
In addition to differences in food habits by education, our finding of the contribution of higher occupational class to healthy food habits among women is in line with the previous evidence (Bolton-Smith et al., 1991) . In accordance with our results, income has also been related to healthy food habits such as intake of fruits and vegetables for women in Denmark (Groth et al., 2001) .
If those with less material resources perceive healthy food habits as costly, lower consumption can be expected with lower income or frequent economic difficulties. This, in turn, may result to differences in healthy food habits by economic situation. Similar findings have been reported in Australia, where food purchasing behaviours among the socio-economically disadvantaged were least in accordance with dietary recommendations (Turrell et al., 2003a) . In France, the costs of more nutrient-dense, healthier diets have been found to be higher, whereas energy-dense diets high in fat and sugar continue to be a low-cost option (Drewnowski et al., 2004; Andrieu et al., 2006) . Thus, when studying food habits including consumption of fruit and vegetables, disposable income can be assumed to have an effect, as access to, for example, fruit and vegetables may be constrained by low income (Giskes et al., 2002; Kirkpatrick and Tarasuk, 2003) . This poses challenges for nutrition policies to improve the availability and supply of recommended foods for low-income people. Although education and occupational class have been shown to explain most of the income differences in other health behaviours, low consumption of vegetables and use of saturated fat on bread have remained more common among those with low income, even after adjusting for education and occupational class (Laaksonen et al., 2003) . These previous findings are in accordance with our results indicating that women with higher income are more likely to follow a healthy diet, that is, consuming daily vegetables and fruit and using vegetable margarine on bread.
However, among men, income seems to be less important socio-economic determinant of healthy food habits, as after adjusting for education and occupational class, income lost its association with healthy food habits. Instead, there was a strong association with current economic difficulties. Current economic difficulties were associated with healthy food habits after adjusting for household income among women as well. Therefore, when focusing on the economic constraints behind the differences in food habits, difficulties in meeting everyday needs should be better reckoned with. Furthermore, persistent economic difficulties and unhealthy food habits may link socio-economic circumstances to the epidemiology of obesity as well (Shariff and Khor, 2005) . There is a need for comprehensive policies taking into account economic disparities in access to healthy foods, as has been suggested previously (Drewnowski and Darmon, 2005) .
In addition to economic situation, home ownership as a proxy of wealth (Krieger et al., 1997) is also potentially relevant in explaining food habits. Previously, home ownership has been associated with smoking (Laaksonen et al., 2005a) and health status (Dalstra et al., 2006) , even after adjusting for education and income, and also with mortality (Sundquist and Johansson, 1997) . Furthermore, home ownership may have direct health promoting effects (Macintyre et al., 1998) . Thus, food habits may partly explain these health differences, at least among men.
Significance and conclusions
New evidence on the socio-economic circumstances behind people's food habits is vital, as dietary factors carry important influences on many chronic diseases. With the intention to better prevent major diseases and strengthen health promotion programmes, it is crucial to be able to identify the key factors that contribute to food habits.
In order to reach the most disadvantaged groups, a better understanding of the interrelationships between the dimensions of socio-economic circumstances and their effects on healthy food habits is paramount.
Our study showed that several adulthood socio-economic circumstances are important to healthy food habits. These results highlight the need for health promotion programmes and policies to be targeted to increase healthy food habits among those with least education, lowest income and with current economic difficulties. If the recommended healthy food choices are only affordable and available to those in the highest socio-economic position, there is a danger that socio-economic inequalities in the prevalence and incidence of nutrition-related chronic diseases and obesity are likely to persist and even expand. Promising and efficient means for policies to promote healthy food habits would include, in addition to health education, better availability and lower taxation of healthy foods as well as higher taxation of foods with high-energy density and poor nutritional quality.
